In the previous paper we presented findings which indicated that enzyme heterogeneity exists among PMN leukocyte granules. From histochemical staining of bone marrow smears, we obtained evidence that azurophil and specific granules differ in their enzyme content. Moreover, a given enzyme appeared to be restricted to one of the two types. Clear results were obtained with alkaline phosphatase, but those with a number of other enzymes were suggestive rather than conclusive. Since the approach used previously was indirect, it was of interest to localize the enzymes directly in the granules. Toward this end, we carried out cytochemical procedures for five enzymes on normal rabbit bone marrow cells which had been fixed and incubated in suspension. The localization of reaction product in the granules was determined by electron microscopy. In accordance with the results obtained on smears, azurophil granules were found to contain peroxidase and three lysosomal enzymes: acid phosphatase, arylsulfatase, and 5'-nucleotidase; specific granules were found to contain alkaline phosphate. Specific granules also contained small amounts of ph0sphatasic activity at acid pH. Another finding was that enzyme activity could not be demonstrated in mature granules with metal salt methods (all except peroxidase); reaction product was seen only in immature granules. The findings confirm and extend those obtained previously, indicating that azurophil granules correspond to lysosomes whereas specific granules represent a different secretory product.
I N T R O D U C T I O N
In the preceding paper (1) we reported observations, based on histochemical staining of bone marrow smears, which indicate that differences exist in the enzyme content of azurophil and specific granules of PMN (polymorphonuclear) leukocytes. In this paper we report the results of tests for five enzymes (peroxidase, acid phosphatase, arylsulfatase, 5P-nucleotidase, and alkaline phosphatase) performed on bone marrow ceils, fixed and incubated in suspension, and examined by electron microscopy. The present results, already reported in part elsewhere (2), support the previous findings on the existence of enzyme heterogeneity among PMN granules by demonstrating directly differences in the enzyme content of the two granule types. In contrast to the situation encountered previously in smears, however, when metal salt techniques are applied to cells fixed and incubated in suspension, the enzyme activity in mature PMN granules is latent and only immature forms are reactive.
MATERIALS AND METHODS

Materials
Observations were made on PMN leukocytes from bone marrow of 35 young adult New Zealand rabbits.
Substrates were obtained from Sigma Chemical Co., St. Louis, Mo., as follows: /3-glycerophosphate (types I, II, III), cytidine 5'-monophosphate (disodium salt), adenosine-5'-monophosphate (type II), 3,31-diaminobenzidine tetrahydrochloride, and pnitrocatechol sulfate.
Techniques for Cytochemical Studies
COLLECTIONAND FIXATION OF BONE MARROW CELLS: Femoral marrow was collected and fixed in suspension in 15-ml conical tubes as described previonsly (3). Fixation was carried out in one of the following solutions: (a) 1.5% distilled (4) glutaraldehyde (5) in 0.1 M sodium cacodylate-HCl buffer (pH 7.4) with 1% sucrose for 10--60 rain at 4 ° or 25 ° C; (b) formol-calcium, pH 7.4, (6) freshly prepared from paraformaldehyde (7), for 60 rain at ~°C; (c) paraformaldehyde-glutaraldehyde, (8) diluted 1:1 with 0.2 M cacodylate-HCl buffer for 30-60 mln at 25 ° C. After fixation the cells were spun at 3,000 rpm, the fxative was decanted, and the ceils were resuspended by gentle pipetting. They were then washed three times (by repeated spinning and resuspension) in 0.1 M eaeodylate-HC1 buffer with 7% sucrose (pH 7.4) at 4 ° C. After the last wash, cells were spun and stored at 4 ° C from 10 rain to 24 hr. With specimens fixed in formol-calcium, washing and storage were carried out in 7% sucrose.
INCUBATION: Incubation media were prepared as described below, and 5% sucrose was added (9) to all except the dye media. Cells were resnspended by gentle pipetting until they were uniformly distributed and incubated with continuous shaking for 10-90 min at 37 ° C, except in the case of the peroxidase tests which were carried out at 25 ° C.
AZO DYE ~tETHODS: Cells fixed in formolcalcium were incubated for acid and alkaline phosphatase and arylsulfatase in the dye media described in Table I of the preceding paper (1).
PEROXIDASE METHOD : Unfixed ceils and those fixed in glutaraldehyde or paraformaldehydeglutaraldehyde were incubated at pH 7.6 in the diaminobenzidine medium of Karnovsky (10, 11) with H202 as substrate. Controls consisted of incubations in which 0.01 M KCN was added to the medium or in which diaminobenzidine or H202 was omitted.
ARYLSULFATASE METHOD : Incubations of glutaraldehyde-fixed ceils were carried out at pH 5.5 in media prepared according to Goldfischer (12) or Hopsu-Havu et al. (13) , with p-nitrocatechol sulfate as substrate and lead or barium, respectively, as capture agents. Some of the cells incubated i.n Goldfischer's medium were treated with (NH4)2S to convert lead sulfate to lead sulfide (see reference 14) . Cells were washed five times in 0.05 M acetateVeronal buffer (pH 7.4) with 7% sucrose and subsequently were resuspended in 2% (NH4)2S in the same buffer for 5 min. Controls consisted of incubations in which the substrate was omitted.
5 s-NUCLEOTIDASE METHOD : Glutaraldehydefixed ceils were incubated at pH 4.0 in Wachstein and Meisel's medium (15) , with adenosine-5'-monophosphate as substrate and lead as capture agent. Controls consisted of incubations in which 0.01 M NaF was added to the medium, or the substrate was omitted.
The following four different procedures, using ~-glyeerophosphate as substrate at pH 9.0, were tried on glutaraldehyde-fixed tissue: (a) the original calcium method of Gomori (16), (b) the lead method of Hugon and Borgers (17) , (c) the cadmium method of Mizutani and Barrnett (18) , and (d) a method involving conversion of calcium to lead phosphate ( 19, 20) . Controis consisted of incubations in which the substrate was omitted or 0.001 M cysteine was added to the media.
ACID PHOSPHATASE METHOD:
Tests were performed on unfixed cells and those fixed in glutaraldehyde, paraformaldehyde-glutaraldehyde, or formol-calcium in media prepared according to Gomori (16) or Barka and Anderson (21) , with ~-glycerophosphate and lead at pH 5.0. Some incubations were also carried out at pH 5.0 with cytidine monophosphate as substrate (22) . Controls were carried out adding 0.01 M Na_F to the medium or by omitting the substrate.
SUBSEQUENT PROCESSING:
After incubation, cells were washed three times by slow centrifugation and resuspension in 0.05 M acetate-Veronal buffer (pH 7.4) containing 7% sucrose. Some cells incubated by each method were processed for light microscopy, and, except in the case of azo dye procedures, some were processed for electron microscopy. For light microscopy, whole mounts were prepared on glass slides and counterstained as described for smears in the preceding paper (1). All except the preparations incubated for peroxidase were treated with dilute (NH4)2S prior to mounting.
For electron microscopy, ceils were placed in 0.4-ml polyethylene tubes and packed by centrifugation at
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THE JOURNAL OF CELL BIOLOGY • VOLUME 39, 1968 For Figs FIGURES 1--2 Preparations incubated for 5~-nucleotidase, showing the difference in reactivity of smears ( Fig. 1 ) and whole mounts ( Fig. ~) with metal salt methods. Note that cells in the smear are larger and more reactive for a given stage; many reactive granules are seen at all stages, with the progranulocyte (P) containing the greatest nmnber. In the whole mount, fewer reactive granules are present in the progranulocyte (P), and none are seen in mature cells (M). Specimens fixed in g]utaraldchyde, incubated 90 rain at 87 ° C inWachstein-Meisel's medium (pH 4.0) with adenosine-5'-monophosphate, treated with (NH4)2S, counterstaincd with hematoxylin, and mounted in Pieeolyte.
FIOUR~s 8-4 Whole mounts reacted for alkaline phosphatase with azo dye (Fig. 8 ) or metal salt (Fig.  4) methods. An intense reaction is evident in the mature cells (M) in Fig. 8 , but no reaction is seen in those in Fig. 4 . Specimens fixed in formol-calcium. The cells in Fig. 8 were incubated 80 rain at 25 ° C in Burstone's medium and mounted in glycerogel. Those in Fig. 4 were incubated 2 hrs at 37 ° C in Gomori's calcium medium (pH 9.~), treated with lead nitrate (~0) and (NH4)2S, counterstained with hematoxylin, and mounted in Piccolyte.
FmUttE 5 Whole mount, incubated for peroxidase. Numerous reactive granules are seen at all developmental stages indicated, with progranulocytes (P) containing the greatest number. Specimens fixed in glutaraldehyde, incubated 30 min at 25 ° C in Karnovsky's medium, and mounted in glycerogel.
FmUR~. 6 Section of ceils incubated for 5~-nucleotidase; field similar to that in the whole mount shown in Fig. 2 . Specimens fixed and incubated as in Fig. 2 , postfixed in Os04, treated in block with uranyl acetate, and embedded in Araldite. Section treated with (NH4)2S and stained with crystal violet.
FmURES 7--8 Sections of cells incubated for acid (Fig. 7) or alkaline ( Fig. 8) phosphatase. In Fig. 7 , a number of reactive granules are present in the progranulocyte (P) and a few in the myelocyte (Y), but none are recognizable in the mature cell (M). In Fig. 8 , none of the granules in the progranulocyte (P) are reactive, but some arc seen in the myelocyte (I0, and a few in mature cells (M). Reaction can also be seen in the Golgi region (arrows) of the progranulocyte and myelocyte in Fig. 7 and in the myelocyte in Fig. 8 . Specimens prepared as in Fig. 6 , except that in Fig. 7 the specimen was incubated for 90 miu at 37 ° C in modified Gomori's medium with ~-glyccrophosphate at pH 5.0; that in Fig. 8 (23) . Subsequently the tube was cut open, and the small pellet of cells was removed and cut into 1 X 1 mm blocks. These were postfixed for 1 hr at 4 ° C in 1% OsO4 in acetateVeronal buffer (pH 7.4) with 5% sucrose added, treated with buffered 0.5% uranyl acetate containing 4 % sucrose for 1 hr at room temperature (4, 24), dehydrated in graded ethanols, and embedded in Araldite or Epon (25) . Some specimens were dehydrated directly after incubation or after postfixation in OsO4.
Thin sections (,~ 500 A) which had been prepared with a Sorvall MT-2 microtomc equipped with a diamond knife were examined either unstained or after staining with alkaline lead (26) or lead preceded by 6% aqueous uranyl acetate. In general, the most satisfactory contrast was obtained by staining the section briefly (1-2 min) in lead citrate. Staining with uranyl acetate increases the density of the azurophil granules and thereby makes it difficult to recognize reaction product.
Sections 1/~-2 bt thick were also prepared from the plastic blocks, affixed to glass slides by moderate heating, treated with 0.5-2% (NH4)2S for 45 min (4) (except in the case of specimens incubated for peroxidase), and lightly stained with crystal violet.
Microscopy
The "thick" Araldite (1/~-2 /.t) or Epon sections were examined and photographed by light microscopy as described in the preceding paper (1).
Electron micrographs were taken at original magnifications of 3,000-30,000 with a Siemens Elmiskop I FIGURE 9 Diagrammatic representation of azurophil granule formation in P M N progranulocytes. Dense material condenses within the inner Golgi cisternae and pinches off to form a dense-cored vacuole (~240 m#). Several of the latter merge to form a multicored vacuole. The core material aggregates and becomes a multilobulated mass which subsequently forms a more compact nucleoid. The finely granular content around the core condenses until it is barely distinguishable from the core material, so that in the mature granule (diameter, 600-800 m#) the entire content is uniformly dense. FIGURE 10 Diagrammatic .representation of specific granule formation in PMN myelocytes. Finely granular material condenses within the outer Golgi cisternae. Small granules (~90 m#) bud from the outer Golgi cisternae. Several of these merge to form larger aggregates which further condense to form mature granules, most of which are spherical and measure 300-500 m# in diameter. A few dumbbell or smaller forms (not shown) are also present in mature PMN (see reference 8, Fig. 11 ).
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* A few immature azurophil granules persist in the myelocyte.
--= no reaction seen + = reaction product present operating at 80 kv with a double condenser and a 50 # objective aperture.
Special Treatments
In an attempt to affect the acid phosphatase activity of mature granules, the following experiments were carried out on cells fixed for 30 min at 4 ° C in glutaraldehyde: (a) cells were subjected to repeated (six times) freezing in liquid nitrogen and thawing at 37 ° C prior to incubation or (b) preincubated in protamine (1 mg/ml) or citrate buffer (pH 2.5) for 30 rain; (e) incubations were carried out in media with sparine (5 raM), protamine (1 mg/ml), Triton X-100 (0.5~)~ or DMSO (10%) added; (d) incubation times were prolonged to 3 hrs; or (e) instead of cells in suspension, 30-/z sections of bone marrow prepared on a cryostat or freezing microtome were used for incubation.
R E S U L T S
Light Microscopy
W H O L E M O U N T S C O M P A R E D T O S M E A R S :
T h e cell size in whole mounts of cells fixed a n d incubated in suspension (Figs. 2-5) was smaller (~I/~) than that of cells in smears ( This difference in the reactivity of the two types of preparations was particularly evident in mature cells; those in whole mounts showed only occasional reactive granules with any metal salt method (Figs. 2 and 4). T h e marked reduction in reactivity of PMN, particularly mature PMN, incubated in suspension in metal salt media is explicable on the basis of the electron microscopic observations (see below) which indicate that only immature granules contain reaction product under these conditions. As far as the distribution of reactive granules during stages of P M N maturation is concerned, it was similar to that described previously for smears. With arylsulfatase, 5'-nucleotidase (Figs. 2 and 6), and acid phosphatase ( Fig.  7) , progranulocytes contained more t h a n did later stages. W i t h alkaline phosphatase, reactive granules were restricted to myelocytes and more mature forms (Fig. 8 ).
Electron Microscopy
T h e distribution of enzyme reaction products was determined within azurophil and specific granules and within cell organelles during stages of granule formation. We have previously shown (3) that the two types of P M N granules are produced in two separate generations; azurophil granules arise from the proximal or concave face of the Golgi complex of progranulocytes. Specific granules arise from the distal or convex face of the Golgi complex of myelocytes. T h e steps in granule formation and m a t u r a t i o n are diagrammed in Figs. 9 a n d 10 and are referred to below. tion products were localized in progranulocytes and myelocytes. The best results in terms of structural preservation and precise localization were obtained with glutaraldehyde-fixed tissue. Hence the descriptions that follow are based primarily on such tissue. However, with all the methods disruption of membranous organelles and extraction of granule contents occasionally were encountered. The distribution and intensity of the reaction product were the same in specimens fixed for 10 min at 25 ° C and for those fixed for up to 60 min at 4 ° C except in the case of peroxidase (see below), but tissue preservation was improved by longer fixation.
PEROXIDASE
GENERAL COMMENTS: Cells which were fixed for short periods (5-10 min) at 4 ° C showed a more intense reaction than those fixed at 25 ° C or for longer periods (60 min) at 4 ° C or those incubated without prior fixation.
LOCALIZATION: Reaction product was limited to azurophil granules where it was present in both immature and mature forms (Figs. 11-14) . Among the immature granules, the earliest that consistently contained deposits was the multicored vacuole (Fig. 12) . The reaction product appeared as a dense, flocculent precipitate localized at the granule periphery and filling the space not occupied by the cores. Similar deposits were also seen consistently in multilobulated forms and nueleoids (Figs. 11 and 13 ). Among mature granules, most appeared uniformly dense, owing to the presence of reaction product throughout the granules (Figs. 11 and 14) . Occasionally, the center of mature granules appeared lighter (Fig.  14) , particularly in specimens fixed for longer periods. Reaction product was not seen in specific granules (Fig. 14) or in cisternae of the endoplasmic reticulum (ER) or Golgi complex of progranulocytes or myelocytes.
GONTROLS: No reaction was observed when diaminobenzidine was omitted. Similarly, a reaction was not usually seen when H202 was eliminated from the incubation medium except for rare extracted azurophil granules which showed deposits of reaction product at their periphery. Addition of 0.01 M KCN to the medium partially inhibited the reaction. ARYLSULFATASE GENERA L COMMENTS : The particles of reaction product, lead sulfate, frequently chipped out of the specimen (presumably during sectioning) leaving large holes in their place. When the tissue was treated after incubation with (NH4)2S to convert lead sulfate into lead sulfide, the particles of
Abbreviations for Figs. 11-30:
G, Golgi complex ag, mature azurophll granule ce, centriole er, rough-surfaced ER in, immature azurophii granule ic, inner Golgi cisterna is, immature specific granule m, mitoehondrion mc, multicored vacuole ml, multilobulated form n, nucleus oe, outer Golgi cisterna pn, perinuclear cisterna sg, mature specific granule u, nucleoid v, dense-cored vacuole FIGURES 11--13 Developing PMN from preparations incubated for peroxidase. Fig. 11 shows part of a progranulocyte with the Golgi region (G) and part of the nucleus (n).
Figs. 1~ and 13 show immature azurophil granules at higher magnification. Reaction product is present in both immature and mature azurophils. Among immature granules, flocculent deposits denser than the core material are seen at the periphery of multicored (mc), multilobulated (m/), or nucleoid (u) forms. Mature granules (ag) appear uniformly dense due to the presence of reaction product throughout. Several granules show partially extracted centers (c). No reaction product is seen in single-cored vacuoles (v) or in cisternae of the ER (er) or Golgi complex (G). Specimens fixed in glutaraldehyde, incubated 30 rain at 25 ° C in Karnovsky's medium, postfixed in OsO4, and embedded in Araldite or Epon. Sections stained with lead citrate. The specimen in Fig. 12 was treated in block with uranyl acetate prior to dehydration. Fig. 11, X 18,000; Fig. 12 , X 28,000; Fig. 13 , X 85,000.
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L O C A L I Z A T I O N :
Reaction product was seen in (a) immature azurophil granules, and (b~ ~' occasional E R and Golgi cisternae of the progranulocyte. Only some of the immature azurophil granules in a given cell contained reaction product (Fig. 15) . The nuc|eoid form was most frequently reactive and contained the heaviest deposits (Figs.  16 and 17) . Reaction product was usually restricted to that part of the granule exclusive of the core material. Only individual cisternae of the E R in a given progranulocyte contained deposits (Fig. 15) . Within the Golgi complex, reaction product was usually limited to the innermost cisternae (Fig.  15 a) . The reaction in E R and Golgi elements was ' recognizable only in sections treated with (Nt-I4)2S.
In untreated specimens reaction product is apparently lost by chipping, as already has been mentioned. No reaction was seen in mature azurophil granules, in specific granules (Fig. 18) , or in E R and Golgi cisternae of the myelocyte. CONTROLS: In specimens incubated without substrate, reaction product was occasionally seen in (Fig. 15 a) depicts reaction product in the innermost of the stacked Golgi cisternae (/c) of another progranuloeyte. Note that fine particles cover the background in this preparation which was treated in block with (NH4)2S. Fig. 16 shows a group of immature azurophil granules from a progranulocyte. Four (ial-ia4) contain reaction product; the remaining granules ill the field, all of which are immature azurophils, do not. Fig. 17 shows several nucleoid forms of immature azurophil granules each with a rim of reaction product. An adjacent mature azurophil granule (ag) is unreactive. Note that the lead sulfate reaction product seen in Fig. 17 is coarser than the lead sulfide seen in the remaining figures. Specimens fixed in glutaraldehyde, incubated for 60 min at 37 ° C in Goldfischer's medium (pH 5.5), postfixed in OsO4, treated in block with uranyl acetate, and embedded in Araldite or Epon. All except that in Fig. 17 were treated with (NH4)2S after incubation. Sections (except Fig. 17 ) stained with lead citrate. (Figs. 19 and 21 ), but it was not found in single-cored vacuoles (Fig. 19) . None was seen in mature azurophil granules or in specific granules (Fig. 21 ).
An additional finding is that the core material of the azurophil nucleoids showed a concentric, lamellar "fingerprint" pattern with a regular 47 A spacing (see Fig. 28 ). This organization of the nucleoid was also evident in controls incubated without substrate and in specimens reacted for acid phosphatase.
CONTROLS: The reaction was completely inhibited by the addition of 0.01 M NaF to the incubation medium.
ALKALINE I~HOSPHATA SE
G E N E R A L C O M M E N T S :
Disruption of P M N structure was more extensive than with any other enzyme test; preservation was not improved by fixation for longer intervals (up to 4 hr). Of the methods tried, the calcium-lead method was in general the most satisfactory because the reaction was more extensive. With the direct lead method, morphological preservation was better, but the frequency with which reaction product was seen in Golgi elements (see below) was reduced. With the cadmium method, reaction product (cadmium phosphate) tended to chip out of the section in the same manner as described above for the lead sulfate obtained in the arylsulfatase test. All the methods produced a high background, i.e. there was a great deal of extraneous, presumably nonspecific, precipitate scattered over the nucleus and cytoplasm.
LOCALIZATION : Deposltsofreactionproduct were restricted to (a) immature specific granules, and (b) Golgi cisternae of some myelocytes. Within Golgi elements they occurred in all the cisternae (Fig. 22) , but often were more concentrated in the outer ones. In immature specific granules, reaction product was frequently more concentrated at their periphery (Fig. 23) .
CONTROLS: The reaction was completely inhibited by the addition of 0.001 M cysteine to the incubation medium and by the omission of substrate from the incubation medium.
ACID PHOSPHATASE
G E N E R A L C O M M E N T S :
The lead phosphate reaction product appeared as needle-like crystals (30-40A) finer than those obtained with 5'-nucleotidase or alkaline phosphatase. The distribution of reaction product was the same regardless of whether the original or modified (21) Gomori procedure was used or whether fl-glycerophosphate or cytidine monophosphate was used as substrate. However, when fl-glycerophosphate containing large quantities (~2 5 % ) of the a isomer (Sigma Chemical Co. ; grade III) was used, the reaction in ER cisternae of progranulocytes and myelocytes (see below) was more uniform and intense. (Figs. 24-26 ), but not all granules in a given field were reactive. As in the case of 5 ~-nucleotidase and arylsulfatase, reaction product was usually restricted to that part of the granule exclusive of the core material (Figs. 24 and 25) . Reaction product was not seen in mature azurophil granules (Fig. 26) . In progranulocytes, a fine sprinkling of lead phosphate was seen occasionally in ER cisternae, including the perinuclear cisterna (Fig. 27) , and heavier deposits were seen in Golgi cisternae. Frequently all of the stacked Golgi cisternae contained reaction product, but the innermost usually contained heavier deposits (Fig. 24) .
Only some of the immature specific granules (Fig. 30 ) in myelocytes contained reaction product; fully condensed, mature specific granules were not reactive. The reaction in ER and Golgi cisternae of myelocytes was similar to that in progranulocytes except that in the Golgi complex the gradient was reversed; the heavier deposits occurred in the outermost cisternae (Fig. 29) . This reaction in Golgi cisternae was seen throughout the myelocyte stage.
CONTROLS: In specimens incubated without substrate or with NaF added to the medium, no Other immature specific granules (is) are unreactive. In Fig. ~8 , reaction product is shown in two immature specific granules (is). The mature specific (sg) and a mature azurophil (ag) are not reactive.
Specimen preparation as for Figs. 19-~1, except that incubation was carried out in Gomori's medium at pH 9.e and was followed by treatment with lead nitrate. Sections stained with lead citrate. reaction product was seen in any of the abovementioned sites. Addition of cysteine (an inhibitor of alkaline phosphatase) to the medium did not affect the reaction in either progranulocytes or myelocytes.
Special Treatments
None of the treatments produced a deposition of reaction product in mature granules. Several caused an increase in the intensity of the acid phosphatase reaction as evaluated by light microscopy as follows: (a) freezing and thawing six times, (b) sectioning on a cryostat or freezing microtome, (¢) prolonging incubation times (up to 3 hr), and (d) adding 10% D M S O to the incubation medium. By electron microscopy it was apparent that this was due to an increase in the over-all reaction intensity and not to activation of fully-condensed mature granules. The first two procedures (both of which involved freezing the tissue) produced considerable cellular disruption, extraction of azurophil granules, and a diffuse deposition of reaction product. Two treatments produced a decrease in intensity of the reaction by light microscopy, (a) addition of 0.5% Triton X-100 to the incubation medium, and (b) preincubation at p H 2.5. By electron microscopy it was apparent that with Triton X-100 there was no localization of reaction product; diffuse deposits covered the cells. With tissue preincubated at low pH, reaction product was localized at the sites described for untreated cells, but there was a marked decrease in the reaction. Both procedures produced e x t r a ction of azurophil granules. No effect on the reaction was noted at either the light or electron microscopic level with protamine or sparine. Finally, in incubations carried out with unfixed cells, no deposits of reaction product were seen.
D I S C U S S I O N
The present findings confirm and extend our previous work (1) indicating that differences exist 310 THE JOURNAL OF CELL BIOLOGY • VOLUME S9, 1968 FIGURES ~4 and ~5 Acid phosphatase preparations of developing PMN. Fig. ~4 shows the Golgi region of a PMN progranulocyte. Reaction product is present in several of the innermost cisternae (ic) and in early forming azurophil granules (v) located along the concave face of the Golgi complex. It is not seen in the outer Golgi cisterna (oc). in the enzyme composition of azurophil and specific P M N leukocyte granules. In the present study, azurophil granules were found to contain peroxidase and three lysosomal enzymes--acid phosphatase, arylsulfatase, and 5'-nucleotidase. All azurophils appeared to contain peroxidase, but the remaining enzymes were demonstrable only in a small proportion of immature granules. Hence the findings do not exclude the existence of further heterogeneity among azurophil granules in relation to these enzymes. In accordance with the results obtained on smears, specific granules were found to contain alkaline phosphatase activity. In addition, however, these granules were found to contain phosphatasic activity at low pH. This latter activity does not appear to represent the acid tail of alkaline phosphatase, since it was not inhibited by cysteine; moreover, it was sensitive to F -and hence behaves like acid phosphatase. From the results obtained previously on smears, which showed that mature cells are less reactive than progranulocytes, it is concluded that the concentration of this enzyme in specific granules must be low, much lower than that in azurophils. The exact nature of this activity found in immature specific granules and in Golgi cisternae of myelocytes remains unknown, but it is reminiscent of a similar activity demonstrated with the Gomori acid phosphatase method in Golgi cisternae and in immature secretory granules in many other cells, e.g. parotid (22) , anterior pituitary (4), exocrine (27) and endocrine (22) pancreas, adrenal medulla (28), neurosecretory (29) , and Paneth's cells (22) . In cells of the adrenal medulla, acid phosphatase activity has been found to be associated with secretory granules in vitro as well as in situ; moreover, the activity present in secretory granule subfractions differs from that in lysosomal subfractions (30) . Further information about the nature of the acid phosphatase activity in specific PMN granules and especially its relationship to the usual lysosomal acid phosphatase must await separation of this protein following separation of PMN granules. In this regard, however it it worth mentioning that the presence of two different acid phosphatases has already been reported (31) in rat PMN.
From the foregoing, it follows that, except for their content of myeloperoxidase, azurophil granules are comparable to lysosomes, whereas specific granules represent an entirely different secretion product which contains alkaline phosphatase, possibly antibacterial cationic proteins and/ or lysozyme (see reference 1), and a phosphatase active at low pH, which at the moment is only poorly understood.
Results of previous work on localization of enzymes in PMN granules by cytochemistry and electron microscopy have been contradictory. Yamada (32) stressed homogeneity of peroxidase distribution in granules of developing rat PMN, and Miller (33) of acid and alkaline phosphatase distribution in PMN granules of rodent and rabbit marrow. On the other hand, Daems and van der Ploeg (34), Goldfischer et al. (35) , and Enomoto and Kitani (36) reported that peroxidase was limited to large granules, probably corresponding to azurophil granules, in PMN from human blood. 1 Moreover, Wetzel et al. (20) noted heterogeneity of 1 Our own observations indicate heterogeneity of peroxidase distribution among PMN granules in the species thus far examined (human, rat, cat, and guinea pig). In all cases, the first granules formed, which presumably represent azurophil granules, are both acid and alkaline phosphatase activity among granules from PMN in rabbit bone marrow. These workers postulated (37) the existence of three granule types which they called "primary," "secondary," and "tertiary" granules, believed to be formed at early, middle, and late stages, respectively, of PMN development; they ascribed acid phosphatase activity to the first and third types, and alkaline phosphatase to the second. We found no evidence in this or in our earlier work (1-3, 38) for the existence of more than two types of granules. However, the existence of subpopulations of the two main types with different enzyme content cannot be ruled out because as already pointed out, except for peroxidase, only a portion of the granules of a given type were reactive with any of the tests.
Latency of Enzyme Activity in Mature PMN Granules
Our observations have brought out the fact that, when bone marrow is prepared for electron microscopy and cytocbemistry, immature PMN granules are reactive with metal salt techniques, but mature granules of either type are not. Evidently during granule maturation, some alteration occurs in the permeability of the granule membrane or in the form of its content so that the enzymes therein cannot be demonstrated with methods of the Gomori type, although they are still demonstrable by azo dye or benzidine methods. In order to investigate this problem we carried out a number of procedures which had been successfully used by others to overcome latency of enzyme activity in lysosomes in vitro or in situ; these include freezing and thawing (39) , prolonged incubation at 37 ° C (40,) incubation of unfixed reactive for peroxidase, whereas the smaller granules formed later, presumably specifies, are not.
FIGURES 26--28 Fields from PMN progranulocytes incubated for acid phosphatase. Fig. 26 illustrates the localization of reaction product in late stages of forming azurophil granules. Heavy deposits are seen in a multilobulated form (ml) and in two nucleoids (u).
Sparse deposits are seen in another nucleoid (u'). Fully condensed or mature azurophil granules (ag) are not reactive. Several other immature azurophil granules (ia) do not contain reaction product. Fig. 27 demonstrates reaction product in the rough-surfaced ER (er) and perinuclear cisterna (/m) of a progranulocyte. Fig. 28 depicts part of a nucleoid form of azurophil granule. A concentric fingerprint pattern with a spacing of 47 A is evident in the core material. This type of pattern is also seen in controls incubated with lead, but the peripheral deposits (arrows) are absent. Specimen preparation as for Figs. 24 and  25. Fig. 26, X 50,000; Fig. 27, X 60,000; Fig. 28, X 180 ,000.
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ThE JOtqaZqAL OF CELL BIOLOGY • VOLUM~ 39, 1968 FIGURE ~9 Golgi region of a PMN myelocyte incubated for acid phosphatase. Lead phosphate deposits are seen within all the Golgi cisternae (G), but they are most concentrated in the outermost cisternae (oe) along the convex Golgi face. Deposits are also seen in elements believed to be immature specific granules (is), located near the outer cisternae. )< 48,000. However, no cytochemical reaction was detected in mature granules after any of these procedures. Two treatments (freezing and thawing and Triton X-100) m a y have solubilized the enzyme since extraction of azurophil granules and diffuse deposition of reaction product were seen. The only type of preparation in which latency was overcome or reduced was the smear extensively studied previously (1). A lack of uniform reactivity of P M N granules with the Gomori acid phosphatase technique was mentioned by Miller (33) , Enomoto and Kitani (36) , White (45) , and Seeman and Palade (46) . These last workers studied the same p h e n o m e n o n extensively in eosinophil granules. T h e difference in reactivity of lysosomes with the Gomori and dye methods for acid phosphatase has been mentioned previously in other tissues (47) , but this is neither widely known nor understood. F r o m the general standpoint, it is of interest to note that the behavior of P M N granules, which represent primary lysosomes or storage granules, is different in this respect from that of secondary lysosomes for which the Gomori technique has been widely used as a lysosomal marker. 2 The observations of W e b e r 2 Moreover, in peritoneal exudates (produced by a single injection of cndotoxin), we found that the phagocytic vacuoles of macrophages were usually reactive for acid phosphatase, whereas PMN granules were not. When heat-killed Escherichia coli were mixed with the exudates for 10 mln, many phagocytic vacuoles in PMN were reactive, but the surrounding granules in the same cell were not.
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ThE JOURNAL OF CELL B~OLOOY " VOLUME 39, 1968 (48) on macrophage granules and especially of Seeman and Palade (46) on eosinophil granules suggest that a similar phenomenon may apply to primary lysosomes (storage granules) in some other sites.
Comments on Sites of E n z y m e Localization in Cell Organelles
In addition to the findings on enzyme content of P M N granules, several more general observations were made on enzyme localization in developing PMN.
(a) Within immature granules, reaction product was typically confined to the lighter, peripheral portion of the forming granule and was not usually seen in the central dense material (i.e. cores or nucleoids).
(b) Reaction product was found in E R cisternae of developing P M N with two of the enzyme tests (arylsulfatase and acid phosphatase) and in Golgi cisternae with three tests (the same, plus alkaline phosphatase).
(c) In those instances where reaction product was found in the Golgi complex, deposits were most concentrated in cisternae located along the face involved in granule formation (inner cisternae of progranulocytes and outer cisternae of myelocytes).
Available evidence (see references 22, 49-51) suggests that lysosomal enzymes, like pancreatic secretory proteins (52) , are synthesized on ribosomes, transferred to the cavities of the ER, and concentrated within elements of the Golgi complex. The evidence obtained in this study is in keeping with these assumptions, for a given enzyme was localized within E R and Golgi elements only during the period of formation of the granule type in which it was also localized (see Table I ). The fact that E R and Golgi reactions were not obtained with all the tests could be due to lack of sufficient concentration of enzyme a to be detected by available procedures or to technical factors involved in fixation, incubation, or embedding)
We wish to acknowledge the excellent technical assistance of Mrs. Karin Taylor, Mrs. Jean Sarris, and Miss Cassandra Lista. We also wish to thank Mr. Wayne Emery, medical illustrator, for preparation of the diagrams (Figs. 9 and 10) . 3Our own observations as well as those of Ackerman (53) in cat marrow indicate that peroxidase reaction product is demonstrable in all ER and Golgi cisternae of PMN progranulocytes. Similar findings also pertain to the eosinophilic myelocytes of the rabbit and rat (32, 54) . ~For instance, with modifications that presumably affect the quality of the reaction product, such as (NH4)~.S treatment of arylsulfatase preparations (14) , additional reactive sites may be detected.
